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PRIMARY-EXAMINER: Slobodyansky / Elizabeth 



ABSTRACT : 

Mutant glycosidase enzymes are formed in which the normal nucleophilic amino acid 
within the active site has been changed to a non-nucleophilic amino acid. These 
enzymes cannot hydrolyze disaccharide products, but which can still form them. Using 
this enzyme, oligosaccharides are synthesized by preparing a mixture of an 
. alpha . -glycosyl fluoride and a glycoside acceptor molecule; enzymatically coupling 
the .alpha. -glycosyl fluoride to the glycoside acceptor molecule to form a glycosyl 
glycoside product using the mutant glycosidase enzyme; and recovering the glycosyl 
glycoside product. Particular enzymes include a mutant form of Agrobacterium 
.beta. -Glucosidase in which the normal glutamic acid residue at position 358 is 
replaced with an alanine residue. 
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CLAIMS : 

What is claimed is: 

1. A method for synthesizing an oligosaccharide comprising the steps of: 

(a) combining a glycosyl donor molecule and a glycoside acceptor molecule in a 
reaction mixture, said glycosyl donor molecule having a .beta, configuration and 
said glycoside acceptor molecule having an .alpha, configuration, or vice versa; 
and 

(b) enzymatically coupling the donor molecule to the acceptor molecule using 
Agrobacterium . beta . -glucosidase in which amino acid 358 has been changed from 
glutamic acid to an amino acid with a non-carboxylic acid side chain. 

2. The method of claim 1, wherein the, amino acid 358 has been changed from 
glutamic acid to alanine. 
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ART-UNIT: 161 

PRIMARY-EXAMINER: Naff; David M. 



ABSTRACT: 

Oligosaccharides are prepared using glycosyl transferase and activated glycosyl 
derivatives as donor sugars without the use of sugar nucleotides as donor sugars. A 
reaction mixture composition containing an activated glycoside derivative such as 
glycosyl fluoride or glycosyl mesylate, an acceptor substrate such as lactose or 
other oligosaccharide, a glycosyl transferase and a catalytic amount of a nucleotide 
phosphate or nucleotide phosphate analog is reacted to produce a glycosylated 
acceptor. In addition to an oligosaccharide, the acceptor substrate may be a 
monosaccharide, a fluorescent -labeled saccharide or a saccharide derivative such as 
an aminoglycoside antibiotic. The glycosyl transferase may be immobilized by removing 
its membrane -binding domain and attaching in its place a cellulose-binding domain. In 
a preferred embodiment, galactosyl transferase is the glycosyl transferase, 
.alpha. -D-galactosyl fluoride is the activated glycoside derivative and lactose is 
the acceptor substrate. 

19 Claims, 4 Drawing figures 
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CLAIMS : 

What is claimed is : 

1. A composition useful for the formation of glycosidic linkages comprising an 
admixture of an activated glycoside derivative, a glycosyl transferase, an 
acceptor substrate, and a catalytic amount of a nucleotide phosphate or a 
nucleotide phosphate analog. 

2. A composition in accordance with claim 1, wherein said glycosyl transferase is 
a galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is a disaccharide . 

3. A composition in accordance with claim 1, wherein said glycosyl transferase is 
a galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is lactose. 

4. A process for using an activated glycoside derivative to glycosylate an 
acceptor substrate, comprising: 

(a) admixing in an aqueous medium said activated glycoside derivative, said 
acceptor substrate, a glycosyl transferase, and a catalytic amount of a member 
selected from the group consisting of a nucleotide phosphate and a nucleotide 
phosphate analog, to form an aqueous reaction mixture; and 

(b) maintaining said aqueous reaction mixture at a pH value of about 5 to about 
10, and at a temperature ranging from between about freezing to about a 
temperature at which said glycosyl transferase denatures for a period of time 
sufficient for glycosylation of said acceptor to occur, thereby forming a 
glycosylated acceptor. 

5. A process in accordance with claim 4, wherein said activated glycoside 
derivative is a glycosyl fluoride. 

6. A process in accordance with claim 4, wherein said activated glycoside 
derivative is a glycosyl mesylate. 



7. A process in accordance with claim 4, further comprising the step of 
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(c) recovering said glycosylated acceptor. 

8. A process in accordance with claim 4, wherein said glycosyl transferase is a 
member selected from the group consisting of . alpha . -sialyl transferases, 
.alpha. -glucosyl transferases, . alpha . -galactosyl transferases, . alpha . -fucosyl 
transferases, . alpha . -mannosyl transferases, . alpha . -xylosyl transferases, 
.alpha. -N-acetyl hexosaminyl transferases, .beta. -sialyl transferases, 

.beta. -glucosyl transferases, .beta. -galactosyl transferases, .beta. -fucosyl 
transferases, .beta. -mannosyl transferases, .beta. -xylosyl transferases, and 
.beta . -N-acetyl hexosaminyl transferases. 

9. A process in accordance with claim 4, wherein said aqueous medium is a 
buffered aqueous medium. 

10. A process in accordance with claim 4, wherein said acceptor substrate is 
selected from the group consisting of an oligosaccharide, a monosaccharide, a 
fluorescent-labeled saccharide and a saccharide derivative. 

11. A process in accordance with claim 10, wherein said saccharide derivative is 
an aminoglycoside antibiotic. 

12. A process in accordance with claim 10, wherein said oligosaccharide is 
lactose. 

13. A process in accordance with claim 10, wherein said fluorescent-labeled 
saccharide is selected from the group consisting of an FITC-lactose, 
FCHASE-lactose, FITC-galactose and FCHASE-galactose . 

14. A process in accordance with claim 5, wherein said glycosyl fluoride is a 
member selected from the group consisting of . alpha . -galactosyl fluoride, 
.alpha. -mannosyl fluoride, . alpha . -glucosyl fluoride, . alpha . -fucosyl fluoride, 
.alpha. -xylosyl fluoride, . alpha . -sialyl fluoride, . alpha . -N-acetylglucosaminyl 
fluoride, . alpha . -N-acetylgalactosyl fluoride, .beta. -galactosyl fluoride, 
.beta. -mannosyl fluoride, . beta . -glucosyl fluoride, .beta . -fucosyl fluoride, 
.beta. -xylosyl fluoride, .beta . -sialyl fluoride, .beta. -N-acetylglucosaminyl 
fluoride and . beta . -N-acetylgalactosyl fluoride. 

15. A process in accordance with claim 4, wherein said glycosyl transferase is a 
member selected from the group consisting of . alpha . -sialyl transferases, 
.alpha. -glucosyl transferases, . alpha . -galactosyl transferases, . alpha . -mannosyl 
transferases, . alpha. -fucosyl transferases, . alpha . -xylosyl transferases, 
.alpha. -N-acetyl hexosaminyl transferases, .beta. -sialyl transferases, 

.beta. -glucosyl transferases, .beta. -galactosyl transferases, and .beta . -N-acetyl 
hexosaminyl transferases. 

16. A process in accordance with claim 4, wherein said glycosyl transferase is 
immobilized on a solid support. 

17. A process in accordance with claim 4, wherein said glycosyl transferase is a 
galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is a disaccharide . 

18. A process in accordance with claim 4, wherein said glycosyl transferase is a 
galactosyl transferase, said activated glycoside derivative is 

.beta. -D-galactosyl fluoride and said acceptor substrate is lactose. 

19. A process in accordance with claim 4, wherein said temperature range is 
between about 0. degree. C. to about 40. degree. C. 
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ART-UNIT: 161 



PRIMARY- EXAMINER : Naff; David M. 



ABSTRACT : 

Glycosylated acceptors are prepared using glycosyl transferase and activated glycosyl 
derivatives as donor sugars without the use of sugar nucleotides as donor sugars. A 
reaction mixture composition containing an activated glycoside derivative such as 
glycosyl fluoride or glycosyl mesylate, an acceptor substrate such as lactose or 
other oligosaccharide, a glycosyl transferase and a catalytic amount of a nucleotide 
phosphate or nucleotide phosphate analog is reacted to produce the glycosylated 
acceptor. The acceptor substrate may also be a monosaccharide, a fluorescent-labeled 
saccharide or a saccharide derivative such as an aminoglycoside antibiotic. The 
glycosyl transferase may be immobilized by removing its membrane -binding domain and 
attaching in its place a cellulose -binding domain. In another embodiment, a 
glycosylated acceptor is formed by making a nucleotide phosphate glycoside in situ in 
a steady state concentration. This process is carried out by admixing in an aqueous 
medium an activated glycoside derivative, a glycosyl transferase, a member selected 
from the group consisting of a nucleotide phosphate and a nucleotide phosphate 
analog, a nucleotide phosphate sugar-dependent enzyme and an acceptor substrate. The 
glycosyl transferase catalyzes the reaction of the activated glycoside derivative 
with the nucleotide phosphate or analog to form the nucleotide phosphate glycoside in 
situ, and the nucleotide phosphate sugar-dependent enzyme catalyzes the reaction of 
the nucleotide phosphate glycoside with the acceptor substrate to form the 
glycosylated acceptor. 

3 9 Claims, 16 Drawing figures 
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CLAIMS : 

What is claimed is: 

1. A composition for forming a glycosylated acceptor comprising an admixture of 
an activated glycoside derivative, a glycosyl transferase altered by mutation, an 
acceptor substrate, and a catalytic amount of a nucleotide phosphate or a 
nucleotide phosphate analog. 

2. A composition in accordance with claim 1, wherein said glycosyl transferase is 
a galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is a disaccharide . 

3. A composition in accordance with claim 1, wherein said glycosyl transferase is 
a galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is lactose. 

4. A composition for forming a glycosylated acceptor comprising an admixture of 
an activated glycoside derivative, a glycosyl transferase, a nucleotide phoshate 
sugar -dependent enzyme, an acceptor substrate and a member selected from the 
group consisting of a nucleotide phosphate and a nucleotide phosphate analog. 

5. A composition in accordance with claim 4, wherein said glycosyl transferase is 
a galactosyl transferase, said activated glycoside derivative is 

. alpha. -D-galactosyl fluoride and said acceptor substrate is a disaccharide. 

6. A composition in accordance with claim 4, wherein said glycosyl transferase is 
a galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is lactose. 

7. A process for making a glycosylated acceptor, said process comprising: 

admixing in an aqueous medium an activated glycoside derivative, an acceptor 
substrate, a glycosyl transferase, and a catalytic amount of a member selected 
from the group consisting of a nucleotide phosphate and a nucleotide phosphate 
analog, to form said glycosylated acceptor. 

8. A process in accordance with claim 7, wherein said aqueous medium has a pH 
value of about 5 to about 10 and a temperature of about 0. degree. C. to about 
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4 0 .degree. C. 

9. A process in accordance with claim 7, wherein said activated glycoside 
derivative is a glycosyl fluoride. 

10. A process in accordance with claim 7, wherein said activated glycoside 
derivative is a glycosyl mesylate. 

11. A process in accordance with claim 7, further comprising the step of 
recovering said glycosylated acceptor. 

12. A process in accordance with claim 7, wherein said glycosyl transferase is a 
member selected from the group consisting of . alpha . -sialyl transferases, 
.alpha. -glucosyl transferases, . alpha . -galactosyl transferases, . alpha . -fucosyl 
transferases, . alpha . -mannosyl transferases, . alpha . -xylosyl transferases, 
.alpha. -N-acetyl hexosaminyl transferases, .beta. -sialyl transferases, 

.beta. -glucosyl transferases, .beta . -galactosyl transferases, . beta . -fucosyl 
transferases, .beta . -mannosyl transferases, .beta . -xylosyl transferases, and 
.beta. -N-acetyl hexosaminyl transferases. 

13. A process in accordance with claim 7, wherein said aqueous medium is a 
buffered aqueous medium. 

14. A process in accordance with claim 7, wherein said acceptor substrate is 
selected from the group consisting of an oligosaccharide, a monosaccharide, a 
fluorescent-labeled saccharide and a saccharide derivative. 

15. A process in accordance with claim 14, wherein said saccharide derivative is 
an aminoglycoside antibiotic. 

16. A process in accordance with claim 14, wherein said oligosaccharide is 
lactose . 

17. A process in accordance with claim 14, wherein said fluorescent-labeled 
saccharide is selected from the group consisting of an FITC-lactose, 
FCHASE-lactose, FITC-galactose and FCHASE-galactose . 

18. A process in accordance with claim 7, wherein said activated glycoside 
derivative is a member selected from the group consisting of . alpha . -galactosyl 
fluoride, . alpha . -mannosyl fluoride, . alpha . -glucosyl fluoride, . alpha . -fucosyl 
fluoride, . alpha . -xylosyl fluoride, . alpha . -sialyl fluoride, 

.alpha. -N-acetylglucosaminyl fluoride, . alpha . -N-acetylgalactosaminyl fluoride, 
.beta. -galactosyl fluoride, .beta . -mannosyl fluoride, .beta . -glucosyl fluoride, 
.beta. -fucosyl fluoride, .beta. -xylosyl fluoride, .beta. -sialyl fluoride, 
.beta. -N-acetylglucosaminyl fluoride and .beta. -N-acetylgalactosaminyl fluoride. 

19. A process in accordance with claim 7, wherein said glycosyl transferase is a 
member selected from the group consisting of . alpha . -sialyl transferases, 
.alpha. -glucosyl transferases, . alpha . -galactosyl transferases, . alpha . -mannosyl 
transferases, . alpha . -fucosyl transferases, . alpha . -xylosyl transferases, 

. alpha. -N-acetyl hexosaminyl transferases, . beta . -sialyl transferases, 

.beta. -glucosyl transferases, .beta . -galactosyl transferases, and .beta . -N-acetyl 

hexosaminyl transferases. 

20. A process in accordance with claim 7, wherein said glycosyl transferase is 
immobilized on a solid support. 

21. A process in accordance with claim 7, wherein said glycosyl transferase is a 
galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is a disaccharide . 

22. A process in accordance with claim 7, wherein said glycosyl transferase is a 
galactosyl transferase, said activated glycoside derivative is 

.alpha. -D-galactosyl fluoride and said acceptor substrate is lactose. 
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23. A process for forming a glycosylated acceptor by making a nucleotide 
phosphate glycoside in situ in a steady state concentration, said process 
comprising: 

admixing in an aqueous medium an activated glycoside derivative, a glycosyl 
transferase, a member selected from the group consisting of a nucleotide 
phosphate and a nucleotide phosphate analog, a nucleotide phosphate 
sugar-dependent enzyme and at least one acceptor substrate to form a nucleotide 
phosphate glycoside in situ which reacts in the aqueous medium with said acceptor 
substrate to form said glycosylated acceptor. 

24. A process for forming a glycosylated acceptor by making a nucleotide 
phosphate glycoside in situ in accordance with claim 23, wherein said nucleotide 
phosphate sugar-dependent enzyme is selected from the group consisting of a 
glycosyl transferase different from the glycosyl transferase in claim 23, an 
epimerase, a dehydrogenase, a pyrophosphorylase and a nucleotide diphosphate 
ribosyl transferase. 

25. A process for forming a glycosylated acceptor by making a nucleotide 
phosphate glycoside in situ in accordance with claim 23, wherein said at least 
one acceptor substrate is a member selected from the group consisting of 
nicotinamide adenine dinucleotide, nicotinamide adenine dinucleotide phosphate, 
glucose, a glucoside, galactose, a galactoside, mannose, a mannoside, fucose, a 
fucoside, N-acetylneuraminic acid, an N-acetylneuraminide, xylose, a xyloside, 
N-acetylglucosamine, an N-acetylglucosaminide, N-acetylgalacotosamine, an 
N-acetylgalactosaminide, arabinose, an arabinoside, an antibiotic aglycone, a 
detergent aglycone, a lipid, a sapogenin, an oligosaccharide, a monosaccharide, a 
fluorescent-labeled saccharide and a saccharide derivative. 

26. A process for forming a glycosylated acceptor by making a nucleotide 
phosphate glycoside in situ in accordance with claim 23, wherein said nucleotide 
phosphate glycoside does not inhibit said glycosyl transferase. 

27. A process in accordance with claim 23, wherein said aqueous medium has a pH 
value of about 5 to about 10 and a temperature of about 0. degree. C. to about 

4 0. degree. C. 

28. A process in accordance with claim 23, wherein said activated glycoside 
derivative is a glycosyl fluoride. 

29. A process in accordance with claim 23, wherein said activated glycoside 
derivative is a glycosyl mesylate. 

30. A process in accordance with claim 23, further comprising the step of 
recovering said glycosylated acceptor. 

31. A process in accordance with claim 23, wherein said glycosyl transferase is a 
member selected from the group consisting of . alpha . -sialyl transferases, 
.alpha. -glucosyl transferases, . alpha . -galactosyl transferases, . alpha . -fucosyl 
transferases, . alpha . -mannosyl transferases, . alpha . -xylosyl transferases, 
.alpha. -N-acetyl hexosaminyl transferases, .beta. -sialyl transferases, 

.beta. -glucosyl transferases, .beta . -galactosyl transferases, .beta. -fucosyl 
transferases, . beta . -mannosyl transferases, . beta . -xylosyl transferases, and 
.beta. -N-acetyl hexosaminyl transferases. 

32. A process in accordance with claim 23, wherein said nucleotide phosphate 
sugar-dependent enzyme is a glycosyl transferase different from the glycosyl 
transferase in claim 23 selected from the group consisting of . alpha . -sialyl 
transferases, . alpha . -glucosyl transferases, . alpha . -galactosyl transferases, 
.alpha. -fucosyl transferases, . alpha . -mannosyl transferases, . alpha . -xylosyl 
transferases, . alpha . -N-acetyl hexosaminyl transferases, .beta . -sialyl 
transferases, .beta . -glucosyl transferases, .beta . -galactosyl transferases, 
.beta. -fucosyl transferases, .beta. -mannosyl transferases, .beta . -xylosyl 
transferases, and .beta . -N-acetyl hexosaminyl transferases. 
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33. A process in accordance with claim 23, wherein said aqueous medium is a 
buffered aqueous medium. 

34. A process in accordance with claim 25, wherein said saccharide derivative is 
an aminoglycoside antibiotic. 

35. A process in accordance with claim 25, wherein said oligosaccharide is 
lactose . 

36. A process in accordance with claim 25, wherein said fluorescent- labeled 
saccharide is selected from the group consisting of an FITC-lactose, 
FCHASE-lactose, FITC-galactose and FCHASE-galactose . 

37. A process in accordance with claim 23, wherein said activated glycoside 
derivative is a member selected from the group consisting of . alpha . -galactosyl 
fluoride, . alpha . -mannosyl fluoride, . alpha . -glucosyl fluoride, . alpha . -fucosyl 
fluoride, . alpha . -xylosyl fluoride, . alpha . -sialyl fluoride, 

.alpha. -N-acetylglucosaminyl fluoride, . alpha . -N-acetylgalactosyl fluoride, 
.beta. -galactosyl fluoride, . beta . -mannosyl fluoride, .beta . -glucosyl fluoride, 
.beta. -fucosyl fluoride, .beta . -xylosyl fluoride, .beta . -sialyl fluoride, 
.beta. -N-acetylglucosaminyl fluoride and .beta . -N-acetylgalactosyl fluoride. 

38. A process in accordance with claim 23, wherein said glycosyl transferase is 
immobilized on a solid support. 

39. A process in- accordance with claim 23, wherein said glycosyl transferase is a 
galactosyl transferase and said activated glycoside derivative is 

. alpha . -D-galactosyl fluoride . 
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CLAIMS : 

We claim: 

1. A method for synthesizing an oligosaccharide comprising the steps of: 

(a) combining a glycosyl donor molecule and a glycoside acceptor molecule in a 
reaction mixture; and 

(b) enzymatically coupling the donor molecule to the acceptor molecule using a 
mutant form of glycosidase enzyme to form the oligosaccharide, said enzyme being 
selected from among glycosidase enzymes having two catalytically active amino 
acids with carboxylic acid side chains within the active site of the wild-type 
enzyme, and said mutant enzyme being mutated to replace one of said amino acids 
having a carboxylic acid side chain with a different amino acid of comparable or 
smaller size, said different amino acid having a non- carboxylic acid side chain. 

2. The method of claim 1, wherein the glycosidase enzyme is a stereochemistry 
retaining enzyme in which one of the carboxylic acid side chains in the active 
site functions as an acid/base catalyst and the other carboxylic acid side chain 
functions as a nucleophile, and wherein the amino acid having the nucleophilic 
carboxylic acid side chain is replaced in the mutant enzyme. 

3. The method of claim 2, wherein the enzyme is a .beta . -glycosidase . 

4. The method of claim 3, wherein the glycosyl donor molecule is an 
. alpha . -glycosyl fluoride . 

5. The method of claim 4, wherein the . alpha . -glycosyl fluoride is an 
. alpha . -glucosyl fluoride . 

6. The method of claim 4, wherein the . alpha . -glycosyl fluoride is an 
. alpha . -galactosyl fluoride . 

7. The method of claim 1, wherein the enzyme is a .beta . -glycosidase . 
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8. The method of claim 1, wherein the enzyme is a .beta . -glucosidase . 

^ 9. The method of claim 8, wherein the enzyme is Agrobacterium .beta . -glucosidase 

in which amino acid 358 has been changed from glutamic acid to an amino acid with 
a non-carboxylic acid side chain. 

10. The method of claim 8, wherein the enzyme is Agrobacterium .beta . -glucosidase 
in which amino acid 358 has been changed from glutamic acid to alanine. 

11. The method of claim 1, wherein the acceptor molecule is an aryl-glycoside . 

12. The method of claim 11, wherein the acceptor molecule is a 
nitrophenyl -glycoside . 

13. The method of claim 1, wherein the glycosidase enzyme is a stereochemistry 
inverting enzyme in which one of the carboxylic acid side chains in the active 
site functions as an acid catalyst and the other carboxylic acid side chain 
functions as a base catalyst, and wherein the amino acid having the carboxylic 
acid side chain which functions as a base catalyst is replaced in the mutant 
enzyme . 

14. The method of claim 1, wherein the enzyme is a mutant form of human or 
porcine . alpha . -amylase in which amino acid 197 has been changed from aspartic 
acid to alanine. 

15. The method of claim 1, wherein the enzyme is a mutant form of human or 
porcine . alpha . -amylase in which amino acid 197 has been changed from aspartic 
acid to an amino acid with a non-carboxylic acid side chain. 

16. The method of claim 1, wherein the enzyme is a mutant form of yeast 
.alpha. -glucosidase in which amino acid 216 has been changed from aspartic acid 
to alanine. 

17. The method of claim 1, wherein the enzyme is a mutant form of yeast 
.alpha. -glucosidase in which amino acid 216 has been changed from aspartic acid 
to a non-carboxylic acid amino acid. 
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